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INTRODUCTION AND OVERVIEW

This document is a summary of research and recommendations concerning qguestions that
are ‘requently asked by teachers and administ ators about the learning and teaching of math-
ematics. The intent of the dociment is to provide a concise su:xmary of major studies having’
direct implications for planning and teaching mathematics and thus proving to be usefu:
to educaticn.

The document presents a synthesis of selected findings which reiate mathematics education
to certain areas of concern broadly delineated under the foilowing six headings.

1. Planning for Insiructicn
Instructional Procedures

Differentiating Instruction

2.
3.
4. Methods of instruction “ .
5. Problem Solving

6.

Evaluation

One readilynotes that any attempt to anzlyze and associate mathematics education with the
set of possible topics spanned by the above limited headings constitutes an awesome, if not
impossible, task. In large-part, this is due to a recent, massive increase in the &ttention paid
by researchers to the mathematics educational enterprise. In addition to mathematics educa-
tors, workers in such fields as psychology, evzluation and measurement, and science edu-
cation a:so frequently include mathematical components in their investigations. Consequently,
the authors of this document would, at best, sample topics that—in their opinion—had some
" potentiai relevance for comtemp ~-ary instructional and programmatic developments.

The format used was to approach each of the six main headings through a series of questions.
For example, the first question under Planning for Instruction addresses the impact of the
mathematics curriculum movement over the two recent decades.

t is the autho:s’ hope that this document will aid the readers to obtain greater focus and
understanding of the many issues confronting mathematics education.
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1.1 What has been the impact of the mathema~cs curriculum reform moveme~* over
the past 20 years?

The revolution in school mathematics during the 1950°s and 1960’s embraced two important
'ssues: “what mathematics should be taught at what level " and “how mathematics shouid
be taught.” The first issue—what mathematics should be taugiht—has received continual
debate during the past 20 years. Since both mathematics and society are In @ constant state
of flux. it is reasonable to expect that this will be a continuing issue in the years to come. The
.ssue of how mathematics should be taught also has received considerable attention, but it
is less well understood and has been somew"at diffused in th2 content turmoil. Both of these
issues are critica! to any discussion conceraing the efforts to improve school rnathematics.
~

The first new math curriculum projects were designed for college preparatory high school .
nr~grams. Curricutum projects such as the University of lllinois Committee on School Mathe-

r-atics (UICSM) and the School Mathematics Study Group (SMSG) producd course materials

that incorporated most of the recommendations of the Commission on Mathematics of the

College Entrance Examination Board (CEEB) (1959). The widely used SMSG text materials

included a treatment of inequalities along with equations and emphasized structure and proof

in algebra. Plane and solid geometry were integrated and a section on coordinate geometry

was added. Trigonometry was integrated with the second course inalgebraand a twelfth grade

course in elementary functions was suggested.

The changes in the high schoci curricuium soon led to effortstoreorgarize the junior high and
elementary school programs. The programs were designed to be more meaningful and to
facilitate an unders:arding of the mathematics studied. Rote learning was de-emphasized
and major ideas of mathematical structures were embedded throughout the materials.
Jerome Bruner’'s Process of Education (1960} was influential in providing support for the
emphasis on structure and the movement toward treatment of some topics at earlier graue
levels.

The overall etfects of the curriculum reform are difficult to assess. New text materials, in-
structural procedures and organization flooded the marketplace after the stimulus from fed-
erally funded projects such as SMSG. However, it is unclear what effects these changes had
or. standard procedures of teaching school mathematics. Unfortunately, the techniques for
curriculum evaluations were in their infancy, so a great deal more effort was devoted to de-
veloping and implementing various curriculum projects than to conducting well-designed
research to study the impact of the projects on children. In general, there is very littie conclu-
sive evidence on the advantages and disadvantages of the new programs. Callahan and
Glennon (1975) summarized the studies, comparing student performance in new and tradi-
tional programs by noting that students in programs emphasizing conceptual notions in school
mathematics tend to perform higher on tests composed of conceptual tasks. Likewise, tiey
noted that students in programs emphasizing less conceptual not'ons demonstrated higher
performance on the less conceptuai tasks

The most comprenensive evaluztion program was the National Longitudinal Stucy of Mathe-
matical Abilities (NLSMA) conducted by SMSG. This study collected a vast amountof informa-
tion over a five-year period, and a farge number of psychorogical variablesbelieved to be related
to mathematics achievement were measured. Begle and Wilson (1970) noted that the NLSMA
data confirmed that the differences between the SMSG textbooks and the conventional
textbooks were largely a contrast of computation level scales and the understanding of
mathematical ideas._They reported that the results for the SMSG materials were, in general,
favorable. However, not ali modern textbooks produced similar results. In fact, some did rather
poorly atalllevels. Thesetexts tended to be more formal andrigorous than the SMSG textbooxks.

Comprehensive studies such as NLSMA have emphasized the multivariate nature of mathe-

Q



matics achievement. The ¢
tribution of Cronbach (1963

CONCEPT Of
) and Scri
Efforts to assess the impact of the modern mathematics program is not an easy task. ine
National Advnsory Committee on Mathematics Ecucation (NACOME) (1975) tried tc estimr ate
the impact of modern mathematics on schoo! curricula by examining data trom the-National
Center for Education Statistics and National Assessmentbetween 1960and 1972 . Theresults
of this investigation indicated that the number of mathematics courses available atthe secon-
dary level had greatly increased and the number of students enrolled in Algebra/Trigonometry
and advanced leve! mathematics had also greatly increased between 1960 and 1972. There
were approximately 260,000 students enrolled in a calculus or advanced leve! mathematics
courses in 1972, which was four times the 1260 figure. The NACOME analysts also revealed
that roughly 500,000 students had studied one of the modern programs in school mathematics
‘during this period.

The NACOME report noted that the changes in enroliment and course offerings in mathe-
matics at secondary levels were paralleled by changes in state and local curriculum guides.
However, the reports raised the critical questinn as to the extent which tnese content and
organizational changes were realized in terms _f classroom presentations and evaluation in
the majority of the mathematics classroorns.
>

In an attempt to gain some insight into teaching practice, NACOME analyzed the 1972-1973
National Assessment syllabus and tests. Their findings indicated that the National Assessment
syllabus contained sets, inequalities, functions, probakbility, statistics and logic as well as
more traditional topics. However, there were only 15 items dealing with these concepts or
skills in the 250 test items used with 17-year-old students.

The NACOME report concluded that this hardly suggested a drastic change over the pre-1960
era. Similarly, NACOME found no indicaticns of substantive changes at the junior high level
in an analysis of national assessment and commercial standardized tests. The analysis of the
elementary level confirmed a slow change.

The National Council of Teachers of Mathematics (1977) surveyed 3,000 second and fifih
grade teachers concerning their mathematics curriculum and instructional practices.

The answers to 120 questions were analyzed for each of the 1,220 respondents. The teachers
indicated that they preferred a text that places extreme emphasis on skills'and drilt (14%),
greater emphasis on skills than on concepts and principles (27%), equal emphasis on both
{48%), g 2ater emphasis on concepts and principles (2%), extreme emphasis on concepts and
principles (0%). The teachers were given the list of 10 topics and asked if their textbooks and
state or local curriculum guide and tests included these topics.

For example, the teachers reported that little or no treatment was given in their tex{3 to the
metric system (65%), graphs and statistics {(52%) and probabi.ity (62%). They also reported that
the system’s objectives did not include the metric system (45%), graphs and statistics (40%)
and probability (42%). Fewer than five periods of instruction per year were reported by teachers
on the following topics: the metric system (61%) graphs and s'stistics (55%), p'obabllnty(74%)
and relations and functions (48%).

The analysis conducted by NACOME (1975)and the results of the NCTM survey (1977} suggest
that the influence of the modern mathemzt!ics movement may not be as great as once
anucipated.



1.2 What teaching methods and approaches are most effective?

The influence of the curriculum reform movement stimulated interest in effective methods
and approaches for teaching mathematics. Long before the revolution in school mathematics,
Williamy Browne™' (1935) identified three theories of teaching arithmetic: the drill theory,
the incidenta! learning theory, and the meaning theory. Browneltdescribed meaning theory
as the conception of arithmetic as a system of understanding ideas, principles, and processes.
According to this theory, learning is not just mechanical facility in computation, but rather
an-intelligent grasp of relations and the ability to handle the situations with comf. "ehension
of both the mathematical and the practical significance. Within Browneil’s theory, here was
no hestiation in recommending drill when it was needed in instruction. But he recommended
drill only after understanding had been established as a means to increase nroficiencv or
transfer. During the period of 1935-1960, considerable research was conducted in relation
to meaning with respect to arithmetic instruction. Drawson and Ruddell (1958) summarized
the findings of studies on meaningful instruction. They concluded that meaningful teaching
generally leads to greater retention, greater transferand an increased ability to solve problems
independently. They also suggested that the research implied that teachers should use more
materials. spend more class time on development and discussion, and provide short specific
practice periods.

Research since this period has supporied these findings. Studies by Shipp and Deer {1960),
Shuster and Pigge {1965) and Zahn (1966) confirmed the earlier findings that higher achieve-
ment in computation, problem solving and mathematical concepts can be obtained when as
much as half the class time is spent on developmental activities. This suggests that time spent
on practice can be reduced, and computational skills can be maintained with an increase in
understanding and problem solving.

1.3 How much instructional guidance should teachers provide?

The discovery-learning controversy centers on the question of how and what type of guidance
should be provided for learners. Jerome Bruner (1960) is undoubtedly the person most ciosely
identified with the learning-by-discoveryv position. Those favoring discove.y advocate teaching
with minimal guidance and maximal opportunity for exploratior. Those favoring guided
discovery emphasize the importance of carefully sequenced experiences with maximum
guidance.

The effects of discovery teaching were investigated by Worthen (1968) in a study of 538 fifth
and sixth grade students. He found that the expository treatment was superior on initial
achievement, and the discovery treatment produced superior results in retention and transfer
tests. However, a re-anaiysis of the data (in Worthen and Collins 1971), using classes as
experimental units) changed some of the initial conclusions. A similar investigation by Olander
and Robinson (1973) with fourth grade students reported significantly higher scores for the
expository group on the computation test, while the discovery group scored significantly higher
on the retention test. In @ summary of the research on discovery-learning, Callahan and
Glennon (1975) concluded that the research has not clarified the role of discovery-learning,
but it has provided additional insights into the complexity of the teaching-learning situations.

In general, it is difficuit (o determine the advantages of discovery procedures and the condi-
tions under which these procedures should be used, since the term “‘discovery’” has been
used,to describe rrarkedly differing procedures.

1.4 What are the implications of the work of Piaget for improving the teaching of school
mathematics?

A phenomenon of the past 20 years hasbeen the volumes of research studiesgenerated by the
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observations and theories of Jean P.aget. (Inhelder and Piaget, 1958; Piaget and Inheider
19585). It 1s a complex task to try to describe the implicaticns of Piagetian research studies
in this short paper. Praget developmental theory of logicai processes has focused attention
on the importance of action and experiences with appropriate manipulative objects. Histheory
has zisc emphasized the importance of language’s role in legical development.

Loveil (1972) suggests that Paiget’s developrnental theory provides the following implicztions
for teaching elementary mathematics: increased small group and individuai tasks rather than
formal whe!s class instruction, use of pnysical materials and games, socia! intercourse using
verbal language (both between children and between adults and chil.ren)and moving from
relevant symbolization of mathematical ideas from physmal situations to working examples
(including drill and practice on paper).

. It shculd be noted that researchers such as Baker and Sullivan (1970), Weaver (1972} and
- Glennon {1974) have cautioned against an overzeaious appiication of Piagetian theory to

education. Beilin (1871) provides a good summary of the iimitations in applving Piagetain
theory to practices in school mathematics.

1.5 What foundation for learning mathematics do children have upon encering school?

Suydam and Weaver (1975) nave gathered data trom a number of studies of five-year-olds
with no prior schooling. The:. summary of findings include the foliowing observations.

1. Many children are able to perform rote counting to 10. Some can count to 20.
2. Although some children can dc rote counting by 10s, far fewer can countby twos or fives.

3. Most children understand the meaning of “'first,””and many know the meaning of ordinals
through “fifth.”

4. Many children can read the numerals for ore to 10. and some can write them.

5. Most children can add and subtract when simiple combinations are given ver bally with
or without concrete materials.

6. Most children know something about coins, time, other measures, simple fractiona!
ideas and geometric shapes.

Although the variability of methods used to assess knowledge in different studies makes it
difficult to pinpoint what pre-school children know in general, it seems fairly clear that most
children do possess a variety of mathematical concepts when they enter school. Possibly one
of the most important results of the attempts to assess this knowledge has been the deveicp-
ment of instruments and procedures of assesdment. The teacher who wishes to make use of
such tests can refer to Rea and Reys (1970) and Schwartz (1969) for sample questions and
additional references

1.6 What factors influence the mathematical knowledge of children entering school?

Using an instrument entitled Comprehensive Mathematics Inventory, Rea and Reys (1970)
studied the effects of age, previous education and father’s occupzaticn on kindergarten en-

trants. They made the following observations.

1. Older entrants (€9-73 months) scored significantly higher than younger entrants (59-65
menins).

12



Q

ERIC

Aruitoxt provided by Eic:

2. Children with nursery school experience had a higher level 0" achievement than those
with day care or Head Start experience.

3 The child with 2 parent who had 16 or more years of formal education tended to score
on a higher level than the child whose parents had fewer years of schooling.

4 Childrer with fathers in professional or highly skilled occupations achieved higher
scores than those with fathers who were unskilled or unempioyed.

(S]]

. Neither sibling relationship nor sex had a significant effect on achievement.

After reviewing a number of studies, Callahan and G'ennon (1975) sugges:ed that the older
child (within the typical range of entrants) seems to have a higher level of achievement, as
measured by standardized tests, than the younger child with the same educational experience.’
They noted that chronological age may be a more important factor for boys than for girls.
Further, a child of average or below average intellectual ability has abetter chance of achieving
at a satisfactory level throughout the schooi years the older he/she is within the usual range
¢t ages.

Suvdam and Weaver (1975) list IQ and socioeconomic level of parents in studies that they
reviewed.

A: least one study (Haines, 1961) indicated that entering first graders with kindergarten
experience scored higher on achievement than those who did not have kindergarten experience.

in summary, although not ail research studies provide consistent results, teachers should
be aware that chronoicgical age may be a factor in the achievement of the chiid entering
school. In addition, a child’s previous sc! >ol experience, as well as parental education and

occupation, may be factors.

1.7 What is the best predictor of achievement in mathematics at the secondary level?

Over the years, considerable research has been devoted to the problem of predicting achieve-
ment in mathematic courses at the secondary level. A.variety of studies have assessed the
effectiveness of using such factors as mathematics achievement scores, Collins (1967), Hilton
and Mevers (1967); aptitude or prognosis test SCOres, Hanna, et a/ (1969}, Kohli (1969);
Intelligent Quotients (1Q’s), Dirr (1966), Duncan (1961); previous grades in mathematics,
Hanna (1967), Barnes and Asher 11962), Anglin [1966) and combinations of these and other

factors. In general, the two best predictors of achievement have been previous mathematics
achievement and Q. :

1.8 What are some commeon characteristics of low achievers?

Reluctant learne: s have been defined in varied terms, including mathematical achievement,
grades. reading level, 1Q range and other criteria. In general, low achievers are deficient in
cognitive functioning (weakness in intellectual skills) and/or affective functioning (poor atti’-
tude or self-image). By any definition it is important to realize that reiuctant learners are
ur:gue individuals with varying strengths and weaknesses. There are no categorical lists of
characteristics that describe any individual.

Hefman (1968) suggested that social and emotionai problems often cause difficulty in learning
mathematics. These problems are reflected in characteristics such as high rates of absence,
iow motivation, antisccial behavior, short attention or interest span, inability to see practical
uses of mathematics, and lack of goais based cn a view of the future.



Schulz (1972) emphasized the importance of realizing that a slow learner is likely to develop
1 poor self image of himself as a learner and as a person. In terms of cognitive variables,
5chulz noted the following characteristics as documented in research literature: improvished
anguage-symbolic system such as limited vocabulary and faulty grammar; inability to abstract
symbols; deficient formal speech patterns; and restricted reading and listening comprehension.

dikaart and Wilson (1970) concluded that operationally diverse classification criteria sub-
stantiated the absence of any single method for identifying slow learners. They suggested
‘he . students can be best identified an the basis of specific learning difficulties.

1.9 What teaching approaches and materials are most effective with slow learners?

A wide variety of approaches and materials have been used with jow-achieving matr.ematics
students. Woodby (1965) found common elemer.ts in programs for low-achievers throughout
the nation, including mathematics laboratories; use of calculators to find a pattern or an error
in computation; a pattern of activities (for security); a change of activities (for attentior. spanj;
reinforcement of basic concepts; use of manipulative devices; controlled use of games, puzzles
and motivational techr.ques and, where possible, the use of computer-aided instruction units.

Stenzel (1968) found that motivation was greatly improved by using desk calculators and
grocery-store-type computing scales in the classroom. Shoemaker (1969) developed calcu-
lator materials desig 1ed for use in mathematics laboratory. He rioted that with proper guid-
ance, learning quic: 7/ moves to an atmosphere of problem solving and discovery when the
calculator is used to do mathematics.

Scott (1970) found that programmed materials on computational skills, selected on the basis
of diagnosed needs, aided under-achievers more than regular classroom instruction did.
Behier (1964) found that low-achieving students often were not motivated sufficiently to work
inaependently in programmed books.

However, Sherer (1967) reported that students using materials with instructional aids such
as drawings, counters, number lines and charts, along with tutors, gained significantly in
arithmetic achievement.

School systems both large and small have produced a variety of curriculum materials for
low-achievers. Hoffman (1968) described a program for low-achievers in the Jefferson County,
Colorado, public schools which inciuded the following components: multiple activities (com-
pleted and evaluated in class); electric printing calculators; problems presented on letterhead
from local businesses; flow charting; mathematics laboratory experiments; muiti-sensory
aids, including sc~'es, slide rule models, audiovisual equipment; and laboratory involvement
projects, includ:  suzzles and kits. Hoffman reported that the evaluation of the program
re-ealed arousec interest and skill development of students who were formeriv disinterested
and unmotivatec.

Kneitz and Creswell (1969) reported an average gain of severs manths in two months’ instruc-
tion for 66 high school dropauts in the Houston area. They also reported noticeable changes
in attitudes, poise and dress. Their program included individuaiized mat. als, programmed
booklets, computational skill kits, crossnumber puzzles and frequent changes of pace. sucn
as filmstrips, math games and real-life problems.

Brain , .365) in the USOE Report on slow iearners emphasized the vital role of administrators
and administrative pclicies in implementing programs for low achievers. He enumerated the
following guidelines.

[ S
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6.
7.

_ Provide staff and community orientation programs.

Provide adequate course offerings at each grade level.
Use appropriate grouping procedures.

Provide assistance to teachers (paraprofessionai support, materials, released time,
tutors, etc.}.

Involve parents and community support personnel.
Give special consideration to selection of teachers.

Provide inservice programs.

In general, an analysis of the characteristics of iow-achievers and the materiais and ap-
proaches designed for them suggests the importance of developing success-oriented programs
with provision for individualized work ihat employs an extensive variety of learning 1ids. In
addition, careful consideration should be given to such factors as (1} causes of learn ng dif-
ficulties, (2) developmental stage of :he child, {3) methods or modes thatare best for stidents
in relation to the difficulties encountered, (4) factors from home, school and community that
enhancsa or hinder learning and (6) classroom administrative techniques.

Travers, LeDuc, and Runion (1971), in a review of the literature on teachingresources for fow-
achieving mathematics classes, summarized the approaches that have been found to b=
particularly effective. Their summary included (page 28)

1.

2
3
4.
5
6

Employ repetition through spacing.

. Take small segmenits.

. Use language which the class can understand.

Dramatize the material. -

_Individuaiize the problem assignments.
_ Pay attention to reading the problem.

7. Provide variety within the ciass period.
. Use concrete approaches.

. Provide activities.

. Hold frequent reviews.

. Use praise freely.

. Display good student work.

. Bui.. assignments that lead to success.

. Use diagnostic testing before and after teaching.



15. Measure the student against himseif/herself.

16. Correlate mathematics with other subjects.

17. Establish consistent classroom management policies.
18. Use audiovisual techniques when possible.

18. Try supervised study rather mhan NGMEWITk.

20. Crade work the day it is turned in.

21. Do not insist on verbalization.

22, Allow the use of calculators or tabizss.

1.1C What is meant by the term attitude and how is it measured?

The following definition of “attitude” was developed at the Educational Testing Service:
" . an attitude is an implicit cue- and drive-producing response to socially salient char-
acteristics and . . . . it possesses evaluative properties” (Anderson, Ball, Murphy, 1975, 32).
An attitude is within the individual (implicit). An attitude will cause the individual to behave
selectively (cue- and drive-producing). An attitude can be elicited through tne appropriate
stimuli (response). An attitude may be assessed with respect to school-related activities
(socially salient). An attitude contains either a positive or negative element (evaluative ;.

Since 1970, there has been a piethora of studies related to attitudes toward mathemat:cs.
The two most videly used measures are the Thurstone-type instrument (Dutton, 1951) and
the Likert-type (Aiken and Dreger, 1961). When attitude scores are usec tc predict achieve-
ment, a low but significant positive correlation is usually found {Neale, 1969). Aiken (1976)
reports that this result has been feund at the elementary, secondary and college (under-
graduate and postgraduate) levels, as weil as with students in other countries and with
minority students within the Unitecd States.

While there appears to be a direct relation between attitude and both actual and aspired marks
(Spickerman, 1970), attitude and grade ievel are inversely related (Callahan, 1971, Evans.
1972; Jacobs, 1974). The correlation between attitude and achievement is generally higher
for girls than for boys (Behr, 1973); hence, girls’ mathematics grades are more readily pre-
dicted from their attitude scores than are boys’.

1.1 What is the effect of teacher attitudes on student attitudes?

Lewis R. Aiken (1970) claimed that of all ihe factors which affect student attitudes toward
mathematics, teacher attitudes are of particular importance. In a 1976 review of the literature
related to attituges, he said, “The oelief that teachers’ attitudes affect students’ attitudes
toward mathematics has not been as easy to confirm as might be supposed” {Aiken, 1976,
299) He also reporied that several studies have found no statisticallv significant relationships
between either attitudes of students or attitude changes of students at the elementary school
levei.

Phillips (1973) found that the type of teacher attitude a2 student nas encountered during the
pasttwo or three yearsand especially the most reccnt teacher’'sattiiude, is significantiv relatea
to the student’s attitude at a given time.
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As might be expected, the effect of teacher behavior on student attitude varies from teacher to
teacher. Such behaviors as failing to announce examiinations or writing ccmments on studerit
napere may result in unanticipated student attitudes, and these attitudes may vary from
student to student.

1.12 What is the roie of a mathematics teacher in enhancing student motivation?

Motivaticna!l researcn is the studv of what conscious or subconscious influences induce
neonle to choose or reject a course of action. Students who are motivated in mathematics
exhibit various observabie behaviors such as {1) reading mathematics books for pleasure.
12} working on projects or problems not specifically assigned, (3) exhibiting enthusiasm about
mathematics, (4) persistence toward a task. {5} thoroughness in study and research, {(6) con-
centiation on work and (7) attention and particizz:ion iri class (Skemp, 1973; Fowler, 1876).

'n his bock Bevond the information G.ver 13735), Bruner theorizes that learning is what
studenis want: therefore, each student has an internal drive to achieve expertise in some
particular area of endeavor. Motivation iies in the student’s enjoyment of the transformation
of surprise and complexity to predictability and simplicity and arises from putiing knowledge
to work in exploring a topic that is important to the student now.

According to Davis "% 77! a student is motivated by making his. 'her own discovery and verify-
ing: :whatwasd. o =red actually checks out. He feeis that motivation arises in a competi-
tive setuing.

Dienes (1973) contends that a creative learning environment is self-motivating. If the teacher
creates a relaxed. free atmosphere in the classroom, the students wiil be motivated to learn.

According to Skemp {1973) short-term ~ctivations such as teacher approval and fear of
dispieasure are effect’ 2 in the early school years. For those students who already enjoy
mathematics, interna! motivations are sufficient. For those who do not want to learn mathe-
matics, extrinsic motivations are necessary.

Often students w::a apparently poor ztiitudes tcwarc mathematics do not really disiike
mathematics: (ather, they hate drudgery. frustration ard boredom. With mentai abiiity held
constant, differences in achievement are frequently the result of differences in motivation.
Recommended ways of motivating students are as foliows.

1 Teach with enthusiasm. Enthusiasm is contagious. When backed by enlightened and
empathetic competence, enthusiasm 1s perhaps the onlv real guarantee of effectively
ma:ntaining student interest.

ho

{Use contemporary materials. The use of newspaper items, magazine articles and school
activities heightens student involvement in the 'earning process.

Moztivation mav also be enhanced by providing a creative classroom environment thatis fiex-
\ble and relaxed; where the studert is challenged to reach his intellectual potential. The ulti-
mate goal is to cause the student’s primary driving factor to be his enjoyment, interest and
curiosity of mathematcs.

To summarize recent research (3runer, 1973; Dav's. 1973; Skemp, 1973; Fowler, 1976), the
teacher sheuld strive to fulfill several roles.

The teacher must be aware of the student’s needs and interesis—a good listener. The teacher
needs to know the potential ahility of each stucdent—a gocd evaluator. The teacher mustknow
mathematcs well enough to reiate it to problems and s:tuaticns that are reai to the student—
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a good scholar. The teacher should be able to use various teaching strategies to enhance
student interest—a good inventor. The teacher needs to be able to create an atmosphere
conducive tc iearning—a good innovator. The teacher should try to influence the student’s
motives so that his/her prime motivational drive is that of learning mathematics for enjoyment,
pleasure, interest and usefulness—a good problem solver. Although no teacher is likely to
fulfill all of the above, each teacher should strive to motivate students with these roles in mind.

1.13 What is the relationship between creativity and ability in mathematics?

There is no universal agreement as to the relationship between intelligence and creativity.
Although most researchers agree that a certain minimum leve! of intelligence is necessary
for creativity, a particular leve! of intelligence does not appear to be sufficient for predicting
creative endeavors.

In generai, correiations of certain tests of creativity ‘suth as Torrance’s creativity test) and
intelligence tend to be low. For example, Lani - (1967) and McGannon (1972) found low
correlations of general creativity and intelligence tests. In contrast, moderate to significant
relationships exist when certain creativity tests are correlated with intelligence tests or math-
ematical achievement tests. Creativity tests prepared by Guilford, et. a/., were found by Borgen
(1971) to be significantly related to arithmetic achievement. Evans (1965) and Banghart and
Spraker (1963) found significant correlations between their achievement tess in mathematics
and creativity.

There are questions about the reliability and validity of many measures of creativity. Reliability
of most measures of creativity tend to be moderate, usually in the .80’s, and correlations
among different creativity tests are frequently low, which leaves many questions about what
these instruments measure and contribute to the mixed resuits of research.

The debate continues as to the relationship between creativity, intelligence and achievement.
Some researchers such as Thorndike (1963) found evidence to support the existence of a
separate creativity factor. Others, such as Burt (1962), Richards and Bolton (1971) and
Yamamoto (1965), and Lucito (1967), viewed creativity as a part of eneral intelligence.

Since the question of the relationship between creativity and intelligence is not settled,
further questions related to the relationship between creative ability and prob em solving
ability are crucial.

1.14 What is known concerning sex differe.ces with regard to attitudes, parents and se!f-
concepts as related to mathematicsr

in October 1976, John Ernest of the University or California at Santa Barbara reported the
results of an undergraduate research seminar in whi.ch the students attempted an impartial
examination of sex differences in mathematics. One aspect of their researcn centered on
student attitudes with a sample of 1,324 students in grades two through 12.

When students were asked to rank four subjects (mathematics, English, science and social
studies) from most-liked to least-liked, boys tended to prefer science while girls tended to like
English. Social studieshad a higher rating from boysthan from girls. Mathematicswas the only
subject which showed no difference in preference by male or female. Aiken (1972) also
reported this same outcome with eighth graders. However, when students have an option of
taking mathematics course (in secondary school and college), more boys than girls tend to
enroll in mathematics courses. Lucy Sells (1973) considered a possibie explanation for this
to be an-awareness of the need of mathematics in future endeavors rather than a change in
liking. If this conjecture is true, then an upgrading of the high school counseling programs,
where an attempt is made to make female students more aware of career opportunities, might
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have some effect on the number of mathematics courses elected by females.

Ernest (1976) also reposied on which parent gave help in the various subjects. There were no
statistical differences between boys and girls. For both boys and girls, mothers helped more
than fathers until the uoper grades (beginning in grade six) when the fathers became the
mathematics ‘authority.”” Nancy Krienberg (1977) reported on a series of conferences n the
San Francisco aréa to attract young women to study mathematics and science. Included in the
conferences were sessions for parents and teachers. The purpose of these sessions was to
aid the adults in reducing sex stereotyping and to dissiminate practical information on assist-
ing young women in pursuing mathematics and science interests.

The third question examined by Ernest’'s seminar (1976) was which sex most students in
grades .two to 12 considered most proficient in various school subjects. In the lower grades,
the boys thought boys do better while the girls thought that gir's do better in all subjects. By
secondary school 32 percent of the boys and girls together thought that boys do better in
mathematics, 16 percent thought girls do better and 52 percent said they thought there was
no difference. In general, females are more apt to underestimate their ir.*<llectual activities
(Maccoby and Jacklin, 1973} as well as their own problem solving activities (Kagan, 1964).
Sanford Dornbusch (1974), a sociologist, found that when asking students the reason for
getting a poor grade in school, most students gave lack of effort except in mathematics.

-Twenty-six percent of the female students gave lack of ability (as opposed to 15 percent of the

male students) as the basis for a poor grade in mathematics.
1.15 What is known concerning sex-difference in relation to mathematics?

The nction that boys do better than girls in mathematics has currently received some atten-
tion. In 1974, Fennema found that there were no significant differences between boys and
girls before entering elementary school or in the early years of elementary school. Nor did
significant differences always occur at the upper level elementary or high school years. How-
wever, when they did apper they “‘were more apt to be in the boys’ favor when higher-level
cogritive tasks were being measured and in the girls’ favor when lower-level cognitive tasks
were being measurec” (Fennema, 1974, 137). Maccoby and Jacklin {1974) made a stronger
claim, stating that "~ _ys excel in mathematica! ability” (Maccoby and Jacklin, 1974, 352).
They failed, however, to Clarify between ability and achievement. Additionally, they point
out that boys excel in visual-spatial abiiity and that this difference does not appear until
adolescence. An interesting note is that visual-spatial difference based on sex does not occur
in all cultures. Kabanova-Meller (1970) reported that this difference does not appear between
Russian boys and girls in grades four, five and six. Berry (1966) and Kleinfeld (1973) found
no spatial ability differences between Eskimo males and females.

With regard to visua!-spatial abilities, it is important to consider that many mathematicians
believe that all mathematical thought involves geometrical ideas. Bronowski (1947) said
‘hat the total discipline of mathematics could be defined as the language for describing those
aspects of the world which can be stated in terms of configurations. Meserve (1973) said
that those who used mathematics used modes of thought of geometry and that “"even the most
abstract geometrical thinking must retain some link, however attenuated, with spatial intui-
tion” (Merserve, 1973, 249). Fennema anc Sherman (1977) point out that the development of
visual spatial skilis may be closely related to sexual stereotypes and therefore mzy be largely
3 result of the culture.

If one agrees with the above, then merit shouid be given to tihe recommendation of Ernest
(1976) that these considerations have impiications for school curricula.

Tittle {1973} has shiown that many achievement testsare sexually biased. Certainly ifamaine-

matics teSt contains items that require spatial ability, the possibility exists that girls will do
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less well than boys. Fennema {1875) suggests that if a test were constructed tnat had little
or no spatial content. perhaps no sex difference would be found. “On the other hand, spatial
visualization may be such an integra! part of higher mathematica! thinking that eliminating
spatial aspects of mathematics tests too narrowly restricts the area of mathernatical thinking”
(Fennema, 1975, 40).

Clearly this suggests further investigation of spatial visualization (a) in the elementary schcol
curriculum (particulariy for girls) and (bj in testing.

1.16 To what extent does sexual stereotyping occur with regard to mathematicai
performance?

Sex-related differences in mathematics have been used as a variabie inmany studies. Reviews
of the literature prior to 1974 indicated that aithough there did not appear to be a sex-related
difference in young children, by the upper elementary ievei a difference became evident.
National Assessment of Educational Progress (NAEP), (Mullis, 1975), reported sex-related
differences in mathematics performance. "In the mathematics assessment, the advantage
displayed by males, particularly at the older ages, can only be described as overwhelming”
(Mullis, 1975, 7).

1.17 How is student anxiety level in mathematics classrooms related to other variables?

Anxiety has long been a centra! concern in the area of learning and-academic performance.
However, Ohlson and Mein (1977) recently noted that “Although these studies point out the
relationship between anxiety and numerous areas of humars behavior, there is a lack of re-
search relating anxiety level to various academic disciplines, particularly mathematics”
{Ohison and Mein, 1977, 48). The Ohlson and Mein study attempted to determine whether a
difference existed in the degree of anxiety possessed by undergraduate mathematics majors
as compared to undergraduate non-mathematics majors. For these two groups, a secondary
purpose of their study was to investigate the extent to which difference in sex ‘nfluences
anxiety level. Ohlson and Mein concludec that mathematics majors seem able to cope with
classroom situations even if anxiety is present. For non-mathematics majors in a three-quarter
sequence the teacher did appear to influence the students’ attitudes toward the mathematics
class. This supports Aiken (197 0) who stated, "'Of all the factors affecting the student attitudes
toward mathematics, teacher attitudes are viewed as being of particular importance.”
{Aiken, 1970, 592).

It appears that stressful conditions are necessary to preduce significant anxiety levels in
students. Szetela (1973), in a review of studies using programmed materials, reported that
there appears to be little association between anxiety toward text materials and learning
mathematics. The programmed materials provided immediate feedback without teacher
threat, so a siressfu! condition did not really exist. Szetela (1973) points out concerning his
own study that anxiety measuring nstruments may no! adeguately measure what was
purported as measured, and he suggests that thi~ be kept in mind when one is considering
studies in this area.

Both Hodges and Felling (1970) and Ohlson and Mein (1977) found that neither sexdifference
nor achievement variables contributed toward predicting anxiety levels. Cne explanation for
finding that student achievement is apparently independent of anxiety level was suggested
by Jackson. :

“Suprose . . . that a small number of students dislike school intenseiy and an equsally
small number are correspondingly positive in their opinion, but . . . most students have
either mixed or very neutraifeelings about their classroom experience. Perhaps for attitudes
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to interact with achievement theythave to be extreme, and extreme attitudes, either positive
or negative, may be rarer than is'commonly though.” {Jackson, 1968, &1)

An important question which one can pose after reviewing the literature on anxiety studies 1S
the following: Do these studies imply that everyday classroom routines result in mcasurable
anxiety scores? Perhaps, as Jackson indjcates,

. certain kinds of extreme feelings/may not appear too frequently inthe classroom . . .
If school is inevitable, better relax and accept it. One reason why . . . attitudes toward
schoo! tend toward reutrality is that school becomes ‘old hat’ for most students . . . The
excitement 6F school, its sharp disappoiatments as weil as its joys, is contained in coloiful
interludes that interrupt, rather than chagacterize, the normal flow of events.”” (Jackson,
1968, 6§1)

In short, it may be, as Ghisor and Mein suggest, that negative remarks made by students
about mathematics are in fact expressions of dislike. fear or anxiety toward the ciassroom
atmosphere rather than the subject matter.

If one accepts the fact that increased mathematics}anxiety should result in greater “math
avoidance,” then the following study is germane. With regard to sex difference, Sells (1973)
pointed out that there is evidence of greater anxiety among females than males. Of the enter-
ing class at Berkeley in 1973, 57 percent of the ma@ brought with them four years of high
school mathematics, but only eight percent of the entering females had the same preparation.
Thus, 92 percent of the women in the first-year class were not able to take any calculus or
intermediate level statistics course. Moreover, all but five of the 20 majors at Berkeiey
required either calculus or statistics. Women, then, were crowding into the remairiing five
fields (the humanities, music, social work, elementary education and guidance and counse!-
ing), primarily because of avoiding mathematics at the secondary school level. More discussion
of this topic will be found in other sectic 3 of this paper which address sexual stereotyping
and sex differences.
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2.1 What organizational pattems are most effective?

Research efforts to 1Solate and measure the effectiveness of organizational patterns such
as departmentalization, nen-graded team teaching, muiti-graded and self-contained class-
rooms are extremely difficuit. A variety of factors interact with these patterns, and achieve-
ment is affected by many factors, not the least of which is the teacher. Hart (1962) reported a
study of 50 begiinning fourth grade >upils who had spent three years in a graded primary Dro-
gram and 50 matched pairs of pupils who had spent three years in a non-graded primary
program. He found that the non-graded group achieved significantly higher than the graded
group. Steere (1967) reported that tenth grade students in graded schoois had gained signifi-
cantly more in mathematical reasoning than had students in non-graded schools.

Wolff (1968) compared third-year students in individualized graded and non-graded class-
rooms. He found no significant differences in arithmetic achievement. Paige (1966) reported
no significant difference in mathematics achievement, retention or re-learning ability between
students taught by team teaching and those taught by a single teacher. Price, Prescott and
Hopkins (1967) studied the effect of special subject teachers at the fifth grade level inacare-
fully designed experiment. ihere were no significant differences in achievement between
siudents in the departmentalized classrooms and those in the self-contained classrooms.
Morrison (1967) found that students in self-contained classrooms scored higher on reasoning
and computation tests than did those in departmentalized classes. Both Willcutt (1$69) and
Backman (1969) reported no significant achievement differences between seventh-graders
in self-contained classes and those in ability-grouped classes.

More recently. there has been considerable interest in assessing the effectiveness of “open
education.”” Earnshaw (1973) investigated the effects of an informal learning environment
on student attitudes and motivation. The open education program measurably influenced
students in terms of resourcefulness, creativity, initative, self-reliance and enjoyment of
schooi. However, the students in the open education program did not score as well on stand-
ardized mathematics achievement tests as students in the regular classroom did.

In general, the studies on class organization are action-research, which implies less firmly
controlled variables; thus, the findings are equivocal. Suydam (1972), in a summary of research
on classroom organizational patterns, notes that the one generalization that can be made is
that depending on the variables involved any organizational pattern can be effective and can
produce significant achievement. Suydam (1972, p. 5) also concludes that the most important
factor is the teacher. “If the teachers are committed to a particular pattern, they can make
it work. Conversely, some teachers can make any pattern work,” he said.

2.2 What is the most effective use of students’ and teachers’ time?

The classroom teacher normally makes decisions about how much class time should be
devoted to certain activities In general, research suggests that more time should be spenton
developmental activities and discussion than on practice, and that short and specific practice
periods should be provided. Ship and Deer (1 960) compared groups in which 75 percent, 60
percent, 48 percent or 25 percent of class time was spenton group developmental work while
the remainder was spent on individual practice. High 2r achievement was obtained on meas-
ures of computation, probiem solving and concepts when more than half of the time was spent
on developmental activities. This experiment was replicated by Shuster and Pigge (1965),
and the findings were corfirmed.

Zahn (1966) compared four different treatments, ranging from one which favored develop-
mentai over pructice activities to one which favored twice as many practice activities as
devalopmental ones. The results supported the conclusion that students learn arithmetic skills
bette- by spending less time on practice and more time on developmental activities. This
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conclusion was valid for all three ability levels considered. :

Hansen (1953) iested the effect of lengthening class time from 55 to 110 minutes and of
meeting on alternate days. Extended class discussion, a mathematics laboratory, library
reading, class reports and more instructional aids were included in the expanded class time.
The results indicated that achievement and attitudes of students in the longer ciasses were
not sigriificantly different from those of students in the daily 55-minute classes. The results
tended to favor the longer class time group.

2.3 How should the sequence of content be determined?

During the curriculum reform movement, 9nsiderable attention was given ts the reorgani-
zation and sequence of content. Research reflects various triais. Gagne' (1968) suggested
that any human learning task may be analyzed in terms of component tasks. He suggests
that it is necessary to (1) identify the component tasks of the final performance; {2) ensure
achievement of each of the tasks and (3) arrange the totallearning situation in a sequence which
insures optimal mediational effects from one component to another. Gagne’ and Bassler
(1963) found that sixth grade students learned a concept when it was developed according
to a hierarchy of subordinate knowledge. Even though the students did not retain all the sub-
ordinate knowledge, they did achieve well on the final task. Buchanan (1972) studied the effect :
of prior experience with subordinate tasks in relation to mastery of the final task. He found
that the amount of prior experience with the introductory task had a significant effect on
mastery of the final task. Phillios (1972) developed and evaluated a learning hierarchy for
adding fractions with like der .ninators. He experimented with seven hierarchal orderings
and 11 subtesks. He found that the sequence seemed to have little effect on immediate
learning; however, long term retention was found more sensitive to seguenc